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Report of .Dr. Avery (assisted WDr. Beid&- 

berger and Dr. Goebel.1 

dhem*~lotical studies of the soluble specific substance of the Pne1E- 

cl~c~cc~~ and the FriedUnder bacillus. It will be recalled t&t in i$e 

last report '@roved nethods of purification of the sol&tle specific sub 

otance of Typee II'and III pneuraococcue (Rem deacx?ibed, as was also the 

isolation of the analogous ,mibetasce frm the !l!ype-~~plne~ococcus~ It was 

shown that while the prodyzts obhainsd could ecazx&r be, considered pure 

chmical cmpounds, widely different nethods of purZffc&ion calculated 

to rmove‘ different types of aeconpanying -ities failed to change 

significantly the plqvical and'chepical properties of the substances as 

isolated. The Type II soluble specific substance thus appears to be a 



weakly ecidic, nitrogen-free polysaccharide nade up chiefly of glucose 

und.ts. Its specific optical rotation is about +74.0 It reacts at a 
, 

dilution of 1:5,000,000 with antibacterial soti of Type II pnomo- 

coccus, and does not react with Type I or Type III antisera. 

The soluble specific substance of Type III pnemococcus, 

while also apparently a nitrogewfree polysaccharide, differs fron the 

Type II derivative In v particulars. It rotates the plane of pal- 

arieed light about 330 to the left. It is a strong acid and is made q 

of units of glucose and either glucuronic acid or some derivative of 

this acid. It also separates in insoluble fern from solutions strohgly 

acidified with l@rochloric acid. In as high a dilution as 1:6,&IO,OOO 

it still reacts with Type III antipnemococous Berm. 

Table I. 

Chemical characteristics of the soluble specific substances of 

Type 

> 

I 

II 
III 

Optical 
rotation C 

43.3* 

45.8 
42.6 

Typos I, II and III pneUnococcus. 

I IAcid 1 Reducing sugars on hy- 
H S equiva- drolysis 

lent 

I I I 
I I IL-* I 

5.8 5.01 I I 
ent 

P I 28 (Galacturonic acid&+ I -ino sugar derivative.) 
6.4 
5.6 I 

0.0 1250 70 
0.0 340 75 

b Glucose 
lucose(glucuronic acid) 

Highest di- 
lution gi+ 
iWzppcpt* 
with hono- 
lope iu- 
uune ~mun'. 

*meOR' for (c6H1005),, t' C = 44.4 per cent; TI = 6.2 por ogat~ 

tAmin Bt 2.5 per cent. 

The Typo I soluble spociflc eubstance, on the other hand, 



while also polysaccharido in nature, differs from the other two type- 

specific substances in containing nitrogen as an apparently essential 

coxponent . In spite of a nitrogen content of 5.0 per cent the substerqce 

gives none of the usual protein color tests. One-half of the nitrogen 

ig liberated when the substance is treated with nitrous acid. Reducing 

sugars appear at the sane tine and the specific reaction Vani.sheS, a@ 

since the carbon and hydrogen content are close to the theoretical va$UeS 

for polyaacchesides it appears likely that a nitrogenous sugar derivative 

is involved. It is w strong acid and a weak base, and is very sparingly 

soluble in water at the isoelectric point. Its specific optical rotation 

is +mO, and on oxidation with dtric acid it yields nucic acid. In 

the specific precipitin reaction with hmologous antipnemococcus serum 

it can be detected in dilutions as great aa 1:6,OOO,OOO. 

In Table I are summarized the available data concernin& 

the ehdcal differences in the polysaccharide derivatives of pnemo- 

cqcci of Types I., II and III. 

The three polysaccbsrides contain no sulrUr 6r phos- 

pWrus and differ fram the starch-giycogen g&up of carbolq&ates in 

avi.ng no color with iodine and in their resietance to the ordinary 

carbohydrate-splitting enzymes. 

It would be of course idle ho assume that in their present 

state of purity, each of the specific substances represents a definite 

&mica1 copopound. However, in the case of the th!ree fixed types of 

pnewnococcus three totally distinct substances have been isolated fron) 

dtures grown in the same medium. 

It is believed that these and other considerations based 



Cq the data presented warreM the belief that the three polysaccharides 

isolated represent the actual specific substances, stripped of at least 

a large portion of accompa@ng impurities, and that they do not merely 

represent inert material carrging an extremely minute amount of the true 

specific compounds. 

If this be accepted it may be concluded that the soluble 

specific substance of each of the three fixed types of pneumococcus is 

a distinct chemicti substance, differing in many striking particulars from 

the corresponding product olaboratod by the other Wo typos, but having 

ip c-on the properties of polysaccharide structure and of resistance to 

enzyme action. Each substance breaks down on hydrolys$s into reducing sugars, 

part of which, at least, are peculiar to itself. The Type I substance 

differs shar$By frcen the other two in containing nitrogen and in possessing 

bpsic a8 well as acid properties, while of the other two substances, the 

-0 II is a dextro-rotatory week acid end the Type III a levo-rotatory 

StrOni: acid. Especially striking is the occurrence of specific substances 

of such sidoly differing properties in microorganisms as closely related 

as the throe fixed types of Pne~ococcus. 

!Fhe fIlnrmnologica1 siQzificanc63 of the specific substances 

has been discussed by the writers in the last r eporf and has been pre- 

sented in a recent paper and will therefore not be touched upon at present. 

v bi& many of the questions raised in the course of tie 

work are still under investigation it seemed desirable to extend the woe 

to the search for analogous substances in other microorganisms. The Pried- 

l&ndor bacillus was accordingly chosen for study because of the relative 

abundance of its capsular material &d on account of its oc~~10~1 09 
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~rence in hflxlan pneuElonia. At first a strain, roforrod to hareafter 

as the E strain, and recovered frm a spontaneous epidmic of pnmonia 

in guinea pigs was used, and this was later found to be sorologically 

related to other strains rocoverod from human and animal sources. 

By procedures essentially the sme as those used in the 

case of the pneumococcus, a ni trogeu-free, ash-free polysaccharide with 

specific properties of a nost unusual nature was readily obtained. It 

differs from the Friodltlnder carbohydrate reported by Toenniessen in 

giving no color with iodine, and frm the specific material obtained by 

Mueller, Sclith, and Litarczek in being nitrogen--free. It is a strong 

acid with an equivalent valw of about 685, sparingly solublo in water 

after drying but yielding soluble all&i salts. The specific optical 

rotation is + 1000. The polysaccharide itself is non-reducing, but on 

hydrolysis with mineral acid yields reducing sugars, among which glucose 

has been shown to be present both by isolation of glucosazone and by 

oxidation to acid potasoim saccharate. The properties of successive 

preparations are gWen in Table II. 



- 
Prapa- 
rntion 

NO. 

101 

103 I 

103 II 

104 

104 A 

105 A 

105 Bj- 

105 Ad 

25 A/j 

Table II. 

Soluble specific substance oY the Friedl&der Bacillus (El. 

L _i CA-II 

1 
t1g0.00 

t192.50 

tlg0.00 

tlO0 .oo a. 
?lgO,OO 

tlQO.00 

;Dp .50 

&O.~ 
I. 
+ 70.2' 

r Lcid 
equiva- 
lent 

670 0.0 

674 0.0 

704 0.0 

722 0.0 

685 0.0 

706 0.0 

674 0.0 

716 0.0 

1302 0.35 

-r , I I I Percentage 
Ash 

i 
C I-I PJ of red& 

I 
ing sugar8 
on hydrolysi' on hydrolysi' 

I 
R.61* 6.08 0.0 R.61* 6.08 0.0 73.0 73.0 

0.0 72.4 0.0 72.4 

0.0 0.0 70.0 70.0 

C&,06 C&,06 73.0 73.0 

0.0 0.0 72.0 72.0 - - -. -. 
0.66 0.66 72.0 72.0 

0.2 73.0 

Ifighest dilutioq giving 
a precipitate with 

imrune 
Anti-Fried- 
ltlnder se- 
l-u!3 3. 

.:2,000,000 

.:2,000,000 

.:2,000,000 

.:2,000,000 

.:2,000,000 

SOI-IKI 
Anti-pneu- 
3ocgccus 
serm Type 

11 

* Theory for C rf 44.4, H = 6.2 
k' 

1:2,000,000 

1:2~000,000 

1:2,000,000 

1:2,000,000 

1:2,000,000 

1:6,OOO,OQO 

!-This represented a residue which failed to pass throu& a Berkofeld filter. 
/ 

./i A preparation of Type II pneumococcus soluble specific substance. 

In the present instance , as in those of the pneuuococc$, 

atteaspts at further purification by precipitation with uranyl nitrate 

or adao@ion on alumina showed carbohydrate and specific function to 

.v,. .- .-  -- .-- -. -- -.- --- -. 



be appnrently inaeparablo . !l?he isolation of a fourth 

Of this nature adds further wei&t to the growing ma88 

specsif ic subs tame 

of evidence that 

th- soluble specific substances of ticroorgmism am ofton actually 

polysaccharidos. 

up to the 

analogw3 

While the specific substance 6X the El strain, aa purified 

present, has proparties which set it apart frm the three 

substances of the fixed pnemococcua types, them is novorthe- 

leas a certain rmmblance to that of the !Type If pneuuococcua, a rose 

blame oxtending even $0 precipitation with Type II antipneunococcus 

serulx. 
\ 

A cmparieon of the specific substance obtained frou Type 

II pneuuococcus with that isolated frm the E strain of FriedUnder’s 

bacillus showe that both polysaccharidoa rotato the plane of polarized light 

. to the right and yield approximately the sam percantage of glucose OQ 

~drolysis . In the cam of the Friedlgader substance the specific ro- .’ 
tqtlon ia +lOoO, whilo the Type II pne&ococcus eubetance rotates the 

r 
plane of polarized light about +740. Both mibstancee have acidic prop- . . 
ertiea, but the FrisdUlnder speoific~substanoe hae an acid equivalent 

approximately on+haJ$! that of the Type II polyaacoharide. l!eithet of 

the two product6 gives-‘,#kuro& a&d Seats as do tho epecifio substances 

of Types I and IIS pneXxQococcu0. Both polyeaocharMee fail to fern pre- 

cipitates when treated with solutione of silver nitrate, copper sulfate, 

or phosphotungstic acid; both are precipitated by solutions of uraniuq 

nitrate and basic lead acetate. Whereas the Type II pnew3ocoCcua specific 

substance gives no precipitate with either barim hydroxide or neutral 



lead acetate, the FriedMndcr polysaccharide is precipitated by both 

of these reagents. 

Because the tno specific substances, although of widely 

different biological origin, roscnbled each other so closely in so98 of 

their che~~ical properties, the Friedltlnder polysaccharido was tested with 

Type II antipnemococcus mm, and a procipitin reaction was found to 

occur. on the other hand, there was absence of precipitation when this 

substance was tested with antipnemococcus sorun of the other two fixod 

types. It then beceme necessary to determine as far as possible the 

3.rxmn~logical relationships not only of the soluble substances of the 

E strain of Friedldlndert a bacillus and of !Qpe II pneumococcus, but 

of the microorganisms themselves. 

!Fhe E strain and other serologically related strains 

of Friedlander bacillus are agglutinated by Type II anti-pneumococcus 

serm and’not by Type I end Type III antisera, while tho Typo II pnoumo- 

coccus is agglutinated by E FriedUnder antisonsn, but not by the ontir 

8erwn of a strain of FriedUnder bdcillus sorologically distinct from 

, the E strain. Absorption of E FriedUnder antisoroa ;md Typo II antir 

pneumococcus sernm with the homologous organism removes in each instance 

the aggluti&.ns for both organisms, whilo heterologous absorption of 

either serum rmoves only the agglutinins for the absorbing organi&, 

leaving the homologous agglutinins scarcely diminished in titer. !Che 

Soluble specific substances of the two organism under comparison react 
, 
at practically as high dilutions in the opposito antisera as in the anti- 

sora to the organisms from which they tvoro derived. Precipitin absorpt- 

ion parallels the agglutinin absorption. 
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The facts brought out by the test-tube reactions of a* 

:;lutination and precipitation find added confirmation in the more final 

1)roof of reciprocal protection against infection in the animal body. 

The serum of a rabbit irsunized with Friodltlnder~s bacil- 

:L-us (Strain Ic) was first tooted for its power to protect m ice against 

infection with virulent cultures of homologous and hoterologous types 

of the FriedlAnder bacillus. 

I 
i 
! 
1 

'. *-The protocol given in Table III shows that 0.2 CC* of 
,' 

the anti-FriedUnder serum Type E protoctod animals against 0.1 CC- Of 

CWJS~~ death of the m ice in dosos of one-millionth cc. On the other 

hand, the same serum affordod no protection in m ice against a virulent 

hetorologous Strain SC, which, by the reaction of agglutination, was 

:! ! ; '1 
i 
, 

u virulent culture of the homologous strain which without innuno serum 

s%Onn to be of another type. 

Since the E strain of FriedlAnder~s bacillus was found 

to be agglutinated and its soluble specific substance to be precipitated 

by ant ipneumococcus serum Type II, it was of interest to determine 

whether protection against infection with a biologically different organ- 

ism was possible by the use of Type T I pneumococcus serum. The results . 
of this experiment are given in Table IV. 

'Tt is evident from Table IV that m ice inoculated with 

0.2 CC* of ant ipnuumococcus Berm3 Type II were effectively protected 

against at least a thousand lethal doses of the virulent E strain of 

FriedlClnder~s bacillug. As in the agglutinin and procipitin tests the - 

"specific" nature of this protective reaction is shown by the fact that 

jnt ipnoumococcus serum Type 1 afforded no protection whatever against 

infection (Table V). 



The anti-Friodl&ndor serm prepared by immunization with 

Strain E protoctod nice agaiusi a hundred thousand lethal dosos of 

another strain (X), which, by ag1utination, was &msified as b&ion& 

ing to the mm typo as E. Sinilarly antipnounococcus sorm Typo II 

afforded protection against the K strain just as it did against the E 

strain; a fact which eqqL~3.ms aga?.n the kmunological sinilar?.tg of 

Friodltlndor*s bacillus of this type to Typo II pneunococcus. !Cho scum 

protocol shows that antipneunococcus senm l?ype I is wholly Fithoa-5 

protective action against this type of Friodl&nder bacillus. Ml0 rcovor , 

Table VI, brings out the fact that protective power against Type II 

pneumcoccus infection is not possessod by anti-Friedl-&tler 6em.m pro- 

ducod by Strain SC ., which both by agglutination and protection has 

been shown to belong to a type different f rm the offectlvc Tme Z 

strains. 

Tho furthor data prosontad in Tables VI, VII, and VIII 

dononstrato the coqarable pwtoctive power of antipncurmcoccus Typo II 

and the anti-FriedUnder E cera against infection with virulent Type II 

pncmococci . Indeed the protective potency of the anti-Friodlllnder 

serum in pmmococcus infection in two of the three axperimnts is 

greater than, and in the third test, equal to that e&ibitod by the 

Pneumcoccus Type II immune sorm itsolf. This is all the Pore strik- 

ing since in the formr cam innune rabbit serum was usod and in the 

latter the seruu of a hcrso which had rocoivod more intensive im- 

mui;ization. 



, 

FriedlMnder~s bacillus (Strain E) reveals many points of resemblance, 

diffe&ces are also found which are too great to be ignored. !l!hat the 

substances in rea!.ity are !.dentIr.al and that thq observed. SLfferences de- 

pend cnly upon kpurities prosen: may possibly be the case, hut tke evl- 

dence so far obtained is entirely opposed to this assumption. It has 

&en pointed out ?‘hat -wjd!oly c’.iPSering methods of preparation, cnlm~lated 

to remove different kinds of accompanying inert matter, have yif~l~9c.d 

strictly comparable proiilra$s a !ljhis fact cannot be takeu 50 !M~.c~?G 

that the specific substrates as at pronont isolated are pur+ chcmi.a.1 

corppounds, but it at least makes reasonable the assumption that in each 

instance a large proportion ok the adventitious 3mpu.riti.a~ *~.6 bee!1 

eltminated. !l?he viem that tho specific substance isolate.2 fron Pncu- 

mococcus Typo II and that recovered from Frisdl!kderls bM.iLi;q (S’craip 33) 

are not idantical is further supported by certain of the serA.q$oal find- 

ings, especially those which show that the absorption of ag&.utinir,s and 

precipitins is not reciprocal with the two organisms. If the fact that 

bacteria possess mutual abscrptivo capacity be accepted as the criterion 

of their antigenie identi~ty,then the failure of the orGa.nisms in questsoq 

to exhilbit this property may be tekoa as further evidence of the laok of 

identity of the substances invclved. 

specific substatices, it besomss necpssq$ to acoeunt for thair markad 

immunological sJ.milarity~ In the absence of further evidence as to the 

strustural relations of the two substances, which- can ‘&y be obtained 

when 2.arE;e amomts of materis become available, Tt seems reasonable 

to assume that both contain in’a portion of the complex molecule the same 
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or a closely similax steric configtxratinn of atoms. !rhis essential 

similarity in molecular grouping would then determine the innuno1ogice.l 

similarity of the two substances. 

In the case of Pneumococcus it has been shown that the 

poWsaccharides by themselves are not antigenic, and it is believed that 

they become antigenic only when attached to some other substance, probably 

thg protein of the cell. The type-specific character of the antigenic 

response, howOver, is dependent almoat entirely upon the nature of the 

polysaccharide and not won the substance to which it is attached. Thgre- 

fore, since the specific carboI@rate eubstahce of the FriedlAnder bacil- 

lug (Strain E) and that of Type II pneumococcue possess in common similar 

chemical propertiee the antigenic response to each may also be similar 

evonthough the proteins or other sub&,ances with which they are combined 

be quite dissimilar. A discueeion of the actual number of antigeae and 

antibodies present must be deferred until more facts are available. 

A striking and probably analogous example of common anti- 

geoic properties in subetancee of remote biological origin is furnished by 

the phenomenon of heterogenetic specificity originally described by Forss- 

map. This investigator &owed that following the inJection of animal t 

tissues of unrelated apeciae o-on hemolgtic antibodies fer @keep 

corpuscle0 appear. Landsteiner ha6 ahown th@i 6u& hefjwqpnetia ant+ 

gem consist of two component part+ onea proSpin @he other probably ? 
a lipoid eubetance. Umddein~ aad B&mm haye foua# that the&Mid WI@- 

stituent, althccgh iteelf p&&i&J.ly devoid of antiger& properties, a& 

quires true antigexiicitywhen combined with prptein, and that the anti- 

bodies thus induced react with the tsolated Alpold fraction. 
. . 
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TIIO  fact that tvo biologically unrelated organi==, beumw 

coccus Typo II and FricdlCLndor~s bacillus, ($train E) jhossess certain 

similar serological and entigonic properties suggests that ex.amples of 

hoterogenotic specificity likewise occur mong bacteria. In the c&Se of 
, 
bacteria, however, the specific substance involved, instead of being a 

lipoid, appears to bo a polysaccharide. Fran the results reported it 

f+ther appears probable that when the analogous specific polysacdharides 

of otherwise totally unrelated nicroorganism correspond sufficiently 

in chemical constitution an immnological correspondence also results. 

This type of imxmo1ogica.l correspondence in no wey invalidates the 

systematic classifiu8tion of bacteria based lrpon the m re usual and general 

nethods of species determination. It is of greater 5mediato significance 

in corm&ion with the study of problem dtkling with bacteria as disease- 

producing agents than in the study of bacteria in their genetic relation- 

ships l 

The work here reported has raised a mder of questpons, 

no% only regarding the actual structural differencea of the soluble 

specific substances involved, but also regarding the inte~=+elat,ion,s 

and nmber of antigens and antibodies teking part in ths Fqologow am$ 

heterologous "specific" reactions, and the possible application of the 

cross-protection studies in human therapy, It is hoped eventually to study 

these points. 

In the work on Pnecaococcus comuent was made on the surf 

prising fact that the analogous soluble specific substances of such closely 

related organisms as the three fixed types of Pnemococcus should be so 

strikingly different. After the study of the E strain of Fr iedMnder@s 
. 



bacillus it appears equally rsmarkable that the analogous soluble specific 

substances of such widely different organisms as this strain of the En- 

capsulatus group and thb !Fypo II pnoumococcus should be so similar. If - 

and there is droady evidonco on this point - it should develop that the 

type of specificity occasioned bg this particular chmical relationship 

of soluble specific substances is comparatively widespread in nature, it 

would be a new fact of considerable biological interest. 

Table III. 

Qrotect%ve action of anti-FriedUnder serum (E) a#!%inst Friedlbdoreo 
. bacillus of homologous and hetorologous tmes. 

. 

Cc. CC. 

0.2 0.1 
0.2 0.01 
0.2 0.001 
0.2 0.0001 
0 0.00001 
0 0.000001 

~dl&ndor*s Bat 

Result. 

S 
II 
u 
II 

* D.40 
'I 18 

Strain Sc. 
Amount of culture. qesult. 

D.17 
" 18 
'l 22 
" 22 
" 30 
" 23 

In this and the following tables S indicates survived; D, death, the 

numerals representing the hours befok death of the animal occurred. 

-  -  _“._. _ . , ,  



Table IV. 

lrotective action of antipneunococcus sem Type II against 
Fr5.edX.nder~s Bacillus E. . 

riedlkinder~s 
cillus E. Antlpnemococcus Serum II. 

cc. 

0.001 ( 
0.0001 
0.00001 
0.000001 
0.0000001 
0.00001 
0.000001 
0.0000001 

An.l.t 
cc. 

0.2 
0.2 
0.2 

~~ 

0.2 
0.2 

0 
0 
0 

Result 

s. 
‘I 

II 

11 

II 

I 0.1 
0.01 
0.001 
0.0001 
0.00001 
0.000001 
0.0000001 

Table 8. 

Virulence controls. 

D.51 
" 41 
" 44 

Protsctiave action of antitmeumococcus serum against Fried- 
lhdorls Bacillus (R). 

Antipnemococcus Sera. 
'Anti-3?riedl&nder Virulence i 

serm E. controls. 
Type I. 0.2 cc. i!l?ypo II. 0.2 cc Rabbit 84 0.2 cc 

I I 

D.18 
" 18 
" 42 
" 18 

D.42 
" 18 
s 
II 

II 

D.18 
S 
II 
II 
II D.21 

II 42 
" 19 



yJle VI. 

1 
Protective action of anti-Priedldnder sera against Pneuuococcus -. Tyo Q 11: 

1 
hil turo Pneum- 
C0ccu.s Type II. 
~-- 

cc. 
0.2 r 0.1 
04l 
o*Qm 
o*Pl. 
0.00001 
0.oGO001 
o.m901 

D.36 
" 46 
u 46 

I . Anti-Friodltlnder scnm Anti-pnwI?lo- - 
coccus serm 

Rabbit 84 D h&bit 77 D - !t?ype II 
immnizod with immnized (Horse 91 A) 
Strain E. 0.2 cc.with Strain 0.2 cc. 

SC. 0.2 CC* 

D.46 
1' 46 
S 
II 
n 

D.20 
n 20 
" 20 
y 20 
" 26 

D.42 
" 72 
.S I' 
I( 

Table VII. 

f Pp@ective action of anti-FriedUnder serm E a,&nst Pnoumococcus l?yp 011. . 

Pnemiococcw 
p-p'11 CqQtulx t 

j CC* 

10.2 
jo.1 

10.01 
10.001 
!0.00001 
jo ,000001 
:C.OOOOGGl 
I 

Anti-FriedUnder E T 
(&bbit 
Akaount 

it% 
0.2 
0.2 
0.2 

0 
0 
0 

L 
Result 

D.19 
S 
n 
II 

I 

1-e sera 
AntiPneunococcus II 

CCe 
0.2 
0.2 
0.2 
062 

0 

: 

me 91 .A) 
-iixE. 

D.24 
n 48 

S 
n 

Vimlence 
con$rols. 

Dr20 ' 
" 20 
"36 

0~0000001 CC. of this culture = 450 colonies. 



Table VIII. 

Gomarative protective value of anti-FriodlClndor and anbipnounococcus 

sdm aminst Pneumococcus Type II. 

cultllm 
Pneumococcus 
Type 71 

0.1 
0.01 
0,001 
0.0001 
0.00001 
0.000001 
0 .GOOOGOl 

Imune sera. 

Anti-FriodlClnder E 
(Rabbit 84) 

I sount 
?$ 
0.2 
0.2 
0.2 
0.2 

: 
0 

Result 

Antipnmlococcus Type 
II. 

Homo 91, 
Bnount 

cc. 
0.2 
0.2 
0.2 
0.2 
0.2 

0 
0. 
0 

I 

Result. 

D.44 
" 20 
f'44 
s. 
II 

Virulence 
controls 

D,26 
') 26 
"44 
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